Automatic detection of welding defects using radiography with a neural approach  by Yahia, N.B. et al.
Available online at www.sciencedirect.com
"CM11
JIDB6I>89:I:8I>DCD;L:A9>C<9:;:8IHJH>C<G69>D<G6E=N
L>I=6C:JG6A6EEGD68=
'26=>6	 -:A=69?*	,G6<	 3<=6A 6
 ,(3$/0(16#$2,(0
 !$, / 	2,(0  2,(0($
"#!#
+69>D<G6E=N>H6B:I=D9D;:K6AJ6I>DC6C9CDC
9:HIGJ8I>K: 8DCIGDA >K:CI=:G:A:K6C8:D;G69>D<G6E=>8>CHE:8I>DCD;
B6CN9>;;:G:CI6G:6HD;>C9JHIG>:H	I=:G:=6H7::CCJB:GDJHG:H:6G8=EGD?:8IH6>B:96I6JIDB6I>C<I=:6C6ANH>H6C9
I=:>CI:GEG:I6I>DCD;L:A9>C<9>H8DCI>CJ>I>:H
"C I=>H LDG@	 I=: 6JIDB6I>8 8DCIGDA 6C9 >CHE:8I>DC D; L:A9>C< 9:;:8IH >H B69: 7N :9<: 9:I:8I>DC B:I=D9 D;
G69>D<G6E=>8>B6<:H	76H:9:HH:CI>6AANDCI=:JH:D;6&JAI>A6N:G):G8:EIGDC&)
-=>HE6E:G9:H8G>7:H6CDG><>CB:I=D9ID9:I:8IL:A9>C<9:;:8IH:M>HI>C<>CI=:L:A9G69>D<G6E=N76H:9>CI=:JH:D;
I=:6GI>;>8>6AC:JG6AC:ILDG@H	6>BI=:8A6HH>;>86I>DC6C9I=:>C8G:6H:D;I=:HJ88:HH;JAG:8D<C>I>DC9:;6JAIE:G8:CI6<:
-=:G:;DG: I=>H LDG@>H9DC:>C;DJGHI:EHI=:;>GHIHI:E8DCH>HI>CI=:EG:E6G6I>DCD;I=:96I676H:ID7:JH:9A6I:G>CI=:
H:8DC9HI:E;DG IG6>C>C<&)-=:C:MIHI:E>H9DC:>CILDB6>CE6GIH I=:;>GHIE6GI >H9:KDI:9 ID I=: 9:I:8I>DCD;
8DCIDJGH	I=:CI=:H:8DC9H:8I>DC8DCH>HIH>CI=::A>B>C6I>DCD;699>I>DC6A8DCIDJGH>C6AAN	>I8DC8AJ9:HL>I=DCG:6A
86H:HHIJ9N
$:NLDG9H+69>D<G6E=N	L:A9>C<9:;:8IH	6GI>;>8>6AC:JG6AC:ILDG@.
 #! $# 
+69>D<G6E=N >H 6 B:I=D9 D; :K6AJ6I>DC 6C9 CDC9:HIGJ8I>K: 8DCIGDA -=:>G EG>C8>EA:H >H ID 8GDHH I=:
B6I:G>6A7N6C:A:8IGD
B6<C:I>8G69>6I>DCD;H=DGIL6K:A:C<I=1DG<6BB6G6NH6C9 8DAA:8II=:>CI:CH>IN
DGG:HEDC9>C<6JI=DG-:A 
;6M 

+ (* ##/$00 IDJ=6B>7:A=69?N6=DD;G
doi:10.1016/j.proeng.2011.04.112
Procedia Engineering 10 (2011) 671–679
1877-7058 © 2011 Published by Elsevier Ltd. 
Selection and peer-review under responsibility of ICM11
Open access under CC BY-NC-ND license.
 © 2011 Published by Elsevier Ltd. 
Selection and peer-review under responsibility of ICM11
Open access under CC BY-NC-ND license.
672  N.B.Yahia et al. / Procedia Engineering 10 (2011) 671–679
BD9JA6I>DCHD; I=: >C8>9:CI 7:6B6H 6 >B6<:DC 6 G:8:>K>C< HJG;68:D; E=DID<G6E=>8 ;>ABDG :A:8IGDC>8
H:CHDGINE:>CI:CH>;>:GDGDI=:G-=:B6?DG69K6CI6<:HD;16C9<6BB6G6NI:8=C>FJ:H6G:I=:8DCIGDAD;
>CI:GC6A9:;:8IH6C9>IHIG6CHEDGI67>A>IN 45
 >K:C I=: G:A:K6C8: D; G69>D<G6E=>8 >CHE:8I>DC D; B6CN 9>;;:G:CI 6G:6H D; >C9JHIG>:H	 I=:G: =6H 7::C
CJB:GDJH G:H:6G8= EGD?:8IH 6>B:9 6I 6JIDB6I>C< I=: 6C6ANH>H 6C9 I=: >CI:GEG:I6I>DC D; L:A9>C<
9>H8DCI>CJ>I>:H>C1
G6N;>AB;DG6ADC<E:G>D9 45
"CI=>H LDG@	L:L>AAHIJ9NI=:6JIDB6I>DCD;:9<:9:I:8I>DC7N6C6GI>;>8>6AC:JG6AC:ILDG@ '' 76H:9
DCI=::9<:9:I:8I>DCB:I=D9
-=>HB:I=D9>C8AJ9:HI=:;DAADL>C<E=6H:H6EG:E6G6IDGNE=6H:D;I=:IG6>C>C<76H:	6IG6>C>C<E=6H:	6
E=6H:D; 7>C6G>O6I>DC D;>B6<:H6C9 8DCIDJGH 9:I:8I>DC E=6H:H
 #$!
)& ):G8:EIGDC&JAI>A6N:G
'' GI>;>8>6A':JG6A':ILDG@
!  6JHH>6C;>AI:G>C<;JC8I>DC
M	N DDG9>C6I:HD;E>M:AH
 6JHH>:C;68IDG
),'+ )>8@ ,><C6A'D>H:+:EDGI
&, &:6CH ,FJ6G: GGDG
C	B ,:>O:D;>B6<:
() )>M:AD;G:;:G:C8:
)>M:A()>B6<:D;:9<: 
%0) %>C:06I:G)A6C
&"/ &6M>B>O>C<"CI:G8A6HH/6G>6C8:
 $# #  #	##  	#"
0:L>AAJH:I=:BJAI>
A6N:G:9C:JG6AC:ILDG@H6H6B:I=D96C96I:8=C>FJ:;DG>BEGDK>C<I=:FJ6A>IN
D;L:A9>C<L=>A:6JIDB6I>89:I:8I>DCD;L:A99:;:8IH"C<:C:G6A	&JAI>A6N:G):G8:EIGDC&)>HJH:9;DG
8A6HH>;>86I>DCEGD7A:BH::>C<I=:>G6HH:HHB:CI86E67>A>I>:H D;<:C:G6A>O6I>DC
-=:9:I:8I>DCD;9:;:8IH>H76H:9DCH:K:G6A8G>I:G>6>I>HI=:@:NHI:E>C8DCIGDAA>C<L:A9>C<G69>D<G6E=N	
=:C8:I=:C::9;DG6JIDB6I>DCI:8=CDAD<N
7:II:G8=D>8:D;C:JG6AC:ILDG@HIGJ8IJG:>H6K:GN>BEDGI6CI;68IDGID:CHJG:688JG6I:G:HJAIH	I=:8=D>8:
D;;JC8I>DC6C9A:6GC>C<6A<DG>I=B	I=:8=D>8:D;CJB7:GD;=>99:CA6N:GH6C9I=:C:JGDCH>C:68==>99:C
A6N:G6G:6AA;68IDGHI=6I9>G:8IAN6;;:8IC:ILDG@E:G;DGB6C8: 45
-=:&JAI>A6N:G):G8:EIGDC&) IG6>C>C< 8DCH>HIHID:M:8JI:6H:ID;>B6<:HI=6IG:EG:H:CI8DCIDJGH7J>AI6
EG>DG>DCE>8IJG:H>O:9M6C9I=:CI6@:69K6CI6<:D;''<:C:G6A>O6I>DC86E67>A>I>:HID9:I:8II=::9<:
D;E>8IJG:I=6I>HEG:H:CI:9ID>I7NH86CC>C<I=:>B6<:7N6L>C9DLM
N.B.Yahia et al. / Procedia Engineering 10 (2011) 671–679 673
-=: FJ6A>IN D; 9:I:8I:9 9:;:8I >H HIGDC<AN G:A6I:9 ID I=: 76H>H D; G69>D<G6E=>8 >B6<:H 8DCIDJGH ;DG I=:
C:JG6AC:ILDG@-=:69K6CI6<:D;I=>HB:I=D9>HI=6I G:FJ>G:HCD86A8JA6I>DCD;9:G>K6I>K:HD;I=:>B6<:	
I=:C;DGHJ;;>8>:CIANA6G<:H>O:>B6<:H	I=:86A8JA6I>DC7:8DB:HFJ>I:ADC<6C986C7::6H>AN:MI:C9:9ID
8DADG>B6<:H 45
><JG:)GD8:9JG:D;6JIDB6I>89:I:8I>DCD;L:A9>C<9:;:8I

	 /$. / 1(-,-%1'$# 1 ! 0$
-=>H 96I676H: 8DCH>HIH D; 6 H:I D; 9>;;:G:CI @>C9H D; E>8IJG:H H>O:  L=>8= 6G: 8DCH>9:G:9
:A:B:CI6GN8DCIDJGH-=:CI=:H::A:B:CI6GN8DCIDJGHL>AA7:A:6GC:97NI=:&JAI>A6N:G':JG6A':ILDG@
-D D7I6>C 688JG6I: G:HJAIH	 I=6I >H ID H6N 6C 69:FJ6I: 96I676H:	 I=: H:A:8I>DC 6C9 8DCHIGJ8I>DC D; I=>H
96I676H: BJHI 7: B69: 688JG6I:AN "C DJG 86H:	 L: JH:9 6 96I676H: 8DCH>HI>C< D;  ;DGBH D; 76H>8
8DCIDJGH"IH=DJA97:CDI:9I=6II=:699>I>DCDG:A>B>C6I>DCD;I=::A:B:CI6GN8DCIDJGH>CI=>H96I676H:>H
EDHH>7A:6C986C:K:CLDG@L>I=8DCIDJGHD;A6G<:GH>O:HDG	7JII=:8=D>8: D;76H>88DCIDJGH
7:8DB:H7GD69:G6C9BDG:8DBEA>86I:9 45
-D >BEGDK: I=:FJ6A>IND; G:HJAIH	 >IL6H699:9 ID I=>H96I676H:	DI=:G G6C9DB ;DGBH I=6I86CCDI7:
:9<:H
><JG:M6BEA:HD;HB6AA>B6<:H8DCHI>IJI>C<I=:96I676H:

 =DDH:D;HIGJ8IJG:
D;&)

 -G6>C>C< D;96I676H:

 
-:HIHD;86E68>IN6C9<:C:G6A>O6I>DC D;&)
"B6<:H:<B:CI6I>DC
'JB:G>86A>B6<:
:I:8I>DCD;9:;:8I
)G:IG:6IB:CID;
G69>D<G6E=>8>B6<:
674  N.B.Yahia et al. / Procedia Engineering 10 (2011) 671–679


 / (,(,& ,#./-&/ ++(,&-%
;I:G=6K>C<EG:E6G:9I=:96I676H:6C9I=:HIGJ8IJG:D;69:FJ6I:C:JG6AC:ILDG@''	L:HE:CI6II=:
IG6>C>C< HI:E -G6>C>C< >H 6 HI:E 9:K:ADEB:CI D; I=: C:JG6A C:ILDG@	 L=>8=YH I=: 7:=6K>DG D; C:JG6A
C:ILDG@6G:BD9>;>:9JCI>AI=:9:H>G:97:=6K>DG"CI=>HHI:E	L:BJHI8=DDH:I=:GJA:H6C9B:I=D9HI=6I
;>I7:HIL>I=I=:INE:D;96I66GG6C<:96C9I=:INE:D;C:JG6AC:ILDG@ID6>B>IIDA:6GC6C9<:C:G6A>O: 45
-D 6HH:HH I=: 67>A>IND; 6 C:ILDG@	L:BJHI E6HH I=GDJ<= ILD HI:EH I=: ;>GHI HI:E >H ID=6K: I=: >C>I>6A
8DC;><JG6I>DC D; >CEJI K:8IDGH L>I= I=: DJIEJIH K:8IDGH I=: H:8DC9 HI:E I=:G: >H 6 I:HI ID K6A>96I: I=:
HNHI:BH86E68>IN&DG:I=6CIG6>C>C<67>A>IN>C8G:6H:HBDG:I=6CI=::GGDG9:8G:6H:H6C9K>8:K:GH6-=:
;DAADL>C<I67A:EG:H:CIHI=:DEI>B6AHIGJ8IJG:D;''JH:9
':JGDCH>C>CEJIA6N:G 
'JB7:GD;=>99:CA6N:GH 
':JGDCH>C=>99:CA6N:G 
':JGDCH>CDJIEJIA6N:G 
-G6>C>C<6A<DG>I=B
68@
EGDE6<6I>DC
 G69>:CIL>I=&DB:CIJB
8I>K6I>DC;JC8I>DC H><BD>9
-G6>C>C<8D:;;>8>:CI 
-67A:>C6A''6G8=>I:8IJG:

 + &$(*1$/(,&
-=: :9<: 9:I:8I>DC >H K:GN H:CH>I>K: ID CD>H:	 HD >C DG9:G ID G:9J8: I=: :;;:8I D; I=: A6II:G	 >I >H
C:8:HH6GNID:;;:8IJ6I:6ADL
E6HH;>AI:G>C<7:;DG:6EEAN>C<DJGC:JGDC6A6EEGD68=-=:ADL
E6HH;>AI:G>C<
A:69H ID I=: :A>B>C6I>DC D; >HDA6I:9 ED>CIH =><= ;G:FJ:C8N 6C9 86C 6AHD G:EA68: :68= L>I= 6 K6AJ:
86A8JA6I:9DC6C:><=7DG=DD9EG:K>DJHAN9:;>C:9
"CDJGLDG@	;DGI=:ADL
E6HH;>AI:G>C<	L:JH:9I=: 6JHH>6C;>AI:G:HI>B6I:9DC6L>C9DL-=>H
;>AI:G>H<>K:C7NI=:;DAADL>C<:FJ6I>DC


 + &$0$&+$,1 1(-,
;I:GI=:;>AI:G>C<DE:G6I>DC	L:EGD8::9IDI=:HI:ED;>B6<:H H:<B:CI6I>DC H:<B:CI6I>DC >H9:;>C:9
6H 6 IG6CH;DGB6I>DC D; ED>CI >C L=>8= 6C >B6<: <G6N A:K:A E>M:A >CI:CH>IN G6C<>C< >C 45 >H
IG6CH;DGB:9>CID67>C6GN>B6<:E>M:A>CI:CH>INE:GJC>IDGO:GD 45H6G:HJAI	E>M:AH7:ADC<>C<IDI=:
>CI:GK6A<G6NH86A:LDGI=L=>A:IDI6@:I=:AD<>86AA:K:AI=:DI=:GI6@:I=:AD<>86AA:K:A
-=: H:<B:CI6I>DC >H JHJ6AAN 9DC: 7N 6 I=G:H=DA9>C< B:I=D9 ,:K:G6A 6JIDB6I>8 I=G:H=DA9>C< B:I=D9H
=6K:7::CEGDEDH:9>CI=:A>I:G6IJG:"CI=>HLDG@	L:JH:9I=:B:I=D9D;I=G:H=DA9>C<7>C6G>O6I>DC7N
&6M>B>O>C<"CI:G8A6HH/6G>6C8:&"/
0=:C6EEAN>C< I=>HB:I=D9	L:L>AA C::9H ID 86A8JA6I: I=: 6K:G6<:D; :68= 8A6HH	 6C9 I=>H ;DG 9:;>C:9
I=G:H=DA96C9D;D88JGG:C8:I=:EGD767>A>IND;:68=D;I=:H:8A6HH:H
N.B.Yahia et al. / Procedia Engineering 10 (2011) 671–679 675

 -,1-2/$1$"1(-,1$.
DG I=: :9<: 9:I:8I>DC D; 7>C6G>O:9 >B6<:H	L: H86CC>C< DJG >B6<:L>I= 6L>C9DL H>O:  I=:C
B6@:I=:86A8JA6I>DCD;I=:9:H>G:9DJIEJID;DJGC:JG6AC:ILDG@";I=:DJIEJIK6AJ:>HEDH>I>K:	I=:CI=:
B>9ED>CID;I=:L>C9DL>H8DCH>9:G:96ED>CI8DCIDJG6C9K>8:K:GH6
-D :K6AJ6I: 6C9 8DBE6G: I=: FJ6A>IN D; DJG 8DCIDJG	 L: L>AA JH: 6CI=:G B:I=D9H	 HJ8= 6H ,D7:A 6C9
6CCN
 
	
"CI=>HH:8I>DC	L:L>AAEG:H:CI686H:HIJ9NDC6;:L:M6BEA:HD;9:;:8IH9:I:8I:9>CIJ7:HJH:9;DGI=:
<6H A>C: 7N I=: I:8=C>FJ: D; 1
G6N -=:H: E>8IJG:H L:G: >9:CI>;>:9 6H B6?DG 9:;:8IH HJ8= 6H A68@ D;
E:C:IG6I>DC	7ADL=DA:H>CI=:L:A9:A:8IGD9:G:99:C>C<>BEDGI6CI
0:L>AA6EEANI=:H6B:EGD8:9JG:6AG:69NEG:H:CI:9A6I:GID?JHI>;NI=:8=D>8:D;''
	 / (,(,& -% 
"CDJGLDG@	L:IG6>C:9DJGC:JG6AC:ILDG@696I676H:;DGB:97NI=:76H>8:9<:HD;;DGBH6C9
DI=:G G6C9DB ;DGBH I=6I6G:CDI:9<:H:86JH:D; I=>H	 I=:9>HI>C8I>DC7:IL::C6C:9<:6C96 G6C9DB
H=6E:>HEDHH>7A:
JG>C<I=>HHI:E	L:8=DDH:G6C9DBAN6CN;DGB	6C9L:>CIGD9J8:=>B >CDJGC:JG6AC:ILDG@	>;I=>H;DGB
>H 6C :9<: >C DJG 96I676H:	 I=: C:ILDG@ DJIEJI >H :FJ6A ID 	 :AH: I=: DJIEJI >H :FJ6A ID 
 (C8:
:CI:G:9 >CID I=: C:ILDG@	 I=: E6II:GC L>AA 7: :M8AJ9:9 ;GDB I=: C:MI HDGI:9 JCI>A I=: 6GG>K6A D; I=: 
E6II:GCHI=6I ;DGBI=:96I676H:
 
  
  
 









><JG: M6BEA:D;IG6>C>C<:GGDGK6G>6I>DC

 #&$#$1$"1(-,
DG I=::9<:9:I:8I>DC >B6<:H7>C6G>O:9	 L:H86CC>C< I=>H >B6<:L>I=6L>C9DLH>O:  I=:CL:
86A8JA6I:I=:9:H>G:9DJIEJID;DJGC:JG6AC:ILDG@>;I=:DJIEJIK6AJ:>H EDH>I>K:	I=:CI=:B>9ED>CID;I=:
L>C9DL>H8DCH>9:G:96ED>CI8DCIDJG-D6HH:HHI=:FJ6A>IND;I=:8DCIDJG8DBE6G:9IDDI=:GB:I=D9H	L:
IG>:9ILDDI=:G:9<:HA>@:,D7:A6C96CCN
,>C8:I=:K>HJ6A:K6AJ6I>DCD;I=:H:8DCIDJGHB6N7:;GDLC:9JEDC	L:JH:96B:6HJG:D;I=:FJ6A>IND;
8DCIDJGI=>H8G>I:G>DC>H<>K:C7NI=:G:A6I>DCH=>E6H;DAADLH
676  N.B.Yahia et al. / Procedia Engineering 10 (2011) 671–679

0=>8=

"C;><JG: 	 L:EG:H:CII=:G:HJAIHD;:9<:9:I:8I>DCDCHDB:G69>D<G6E=N>B6<:H
><JG: 66C96+:6AG69>D<G6E=NE>8IJG:	76C97E>8IJG:6;I:G9<::I:8I>DC
-D:K6AJ6I:I=:FJ6A>IND;I=:8DCIDJGG:A6I>K:IDDI=:G B:I=D9H	L:IG>:9ILDDI=:G:9<:H,D7:A6C9
6CCNH:: -67A: 
-67A:M6BEA: D;8DCIDJG9:I:8I>DC7N9>;;:G:CIB:I=D9H
0: =6K:CDI>8:9;GDB I=:EG:K>DJHI67A:	 I=6IDJGB:I=D976H:9DCI=:C:JG6A6EEGD68=>H
BDG: :;;:8I>K:AN 6C9 <>K:H7:II:G9:I:8I>DC8DBE6G:9IDDI=:GHI6C96G9B:I=D9H -!$* ,# ,,5
 #(-&/ .'5 -!$*  ,,5
N.B.Yahia et al. / Procedia Engineering 10 (2011) 671–679 677
 $1$"1(-,-%4$*##$%$"10 !5$*(+(, 1(,&"-,1-2/
;I:GI=:HI:ED;:9<:9:I:8I>DC	L:L>AABDK:DCID6CDI=:GHI:EI=6I6>BHID:C=6C8:I=:K>HJ6A>O6I>DC
D;L:A9>C<9:;:8IH6AG:69NH::C>CI=:EG:K>DJHHI:EH7NI=::A>B>C6I>DCD;JC9:H>G67A::9<:	;><JG: 
DGI=>H	L:AAJH:I=:%0)B:I=D9%>C:06I:G)A6CI=6I86C7:HJBB6G>O:9>CI=:;DAADL>C<HI:EH
 DBEJI:6H:<B:CI6I>DC;JC8I>DC"I>H6C>B6<:L=DH:96G@G:<>DCH6G:I=:D7?:8IHNDJ6G:
IGN>C<IDH:<B:CI
 6A8JA6I:I=:;DG:<GDJC9B6G@:GH-=:H:I6H@H6G:G:A6I:9IDI=:E>M:AHL>I=>C:68=D7?:8I
 6A8JA6I:I=:768@<GDJC9B6G@:GH-=:H:6G:E>M:AHI=6I6G:CDIE6GID;6CND7?:8I
 &D9>;NI=:H:<B:CI6I>DCHDI=6I>IDCAN=6HB>C>B66II=:;DG:<GDJC96C9768@<GDJC9
B6G@:GAD86I>DCH
><JG: 66C96+:6AG69>D<G6E=NE>8IJG:	76C97E>8IJG:6;I:G9<::I:8I>DC	86C98E>8IJG:6;I:GG:BDK6AD;
699>I>DC6A8DCIDJG
678  N.B.Yahia et al. / Procedia Engineering 10 (2011) 671–679
  $" 
"C I=>H LDG@	 L: L:G: >CI:G:HI:9 >C 8G:6I>C< 6C >CI:AA><:CI HNHI:B 6EEA>:9 ID I=: 8DCIGDA D; L:A9>C<
EGD8:HH:H 7N >CI:<G6I>C< 6GI>;>8>6A C:JG6A C:ILDG@H L>I= 6 I:8=C>FJ: D; CDC
9:HIGJ8I>K: 8DCIGDA 7N
G69>D<G6E=N
DGK6A>96I>DC	L:<6K:HDB::M6BEA:HD;6EEA>86I>DCH>C86H:HD;68IJ6A;6JAIH,- 
HE:GHE:8I>K:D;I=>HLDG@	L:EGDEDH:ID:CG>8=I=:96I676H:D;;6JAIH6C9EGD8:HH;6JAIHG:A6I:9IDCDC

E:C:IG6I>C<L:A96C98G:6I:6HNHI:B;DG8DGG:8I>C<9:;:8IHDCA>C:
 %#"
(JG I=6C@H<D ID&G:A<68:BLA:9!6B:9 G:HEDCH>7A: >C ,- DBE6CN ;DG HJ8= =:AEH	L=>8=6AADLHJH ID
K6A>96I:I=>HLDG@
N.B.Yahia et al. / Procedia Engineering 10 (2011) 671–679 679
!"
4579:A=6@79DJ	  DCIGVA:'DC:HIGJ8I>; E6G 8DJG6CI 9: DJ86JAI  IJ9: :I+T6A>H6I>DC 9YJC6EI:JG "C9J8I>; 	 I=SH: 9:
9D8IDG6I
45,0J	 #* 6D 6C92! 3=6D	  C:JG6A':ILDG@ DG0:A9 ):C:IG6I>DCDCIGDA "C 6H -JC<HI:CG80:A9>C<	8I6
&:I6AAJG<>86,>C>86	
45 6G8>6	GI>;>8>6A >CI:AA><:C8: 6EEA>:9 ID 6JIDB6I>8 HJE:GK>H>DC	 9>6<CDH>H 6C9 8DCIGDA >C H=::IB:I6A HI6BE>C<EGD8:HH:H	
#DJGC6AD;&6I:G>6AH)GD8:HH>C<-:8=CDAD<N	
45.+'"	&TI=D9:HHI6I>HI>FJ:H9:HTA:8I>DC9Y6G8=>I:8IJG:HC:JGDC6A:H6EEA>86I>DCQA68DC8:EI>DC9:BD9SA:H9:EGD8:HHJH
9NC6B>FJ:H	I=SH:9:AYJC>K:GH>IT)>:GG::I&6G>:JG>:
45:C&=6B:9	,7>9	G6>:@	6G=6IC6>:8=	 TI:8I>DC9:8DCIDJGE6G6EEGD8=:C:JGDC6A:	 #-
45#&/>I:@	2,"H@6C9:G	&(7DADL	"BEGDK:9;:GG>I:CJB7:GEG:9>8I>DC>CHI6>CA:HHHI::A6G8L:A9HJH>C<6GI>;>8>6AC:JG6A
C:ILDG@H	L:A9>C<G:H:6G8=HJEEA:B:CI	
45!)%>:JG69:6	"!JI=:G:I%:76>AA>;	K6AJ6I>DC9:A6FJ6A>IT9:HHDJ9JG:HK>H
Q
K>H9:A6GTH>HI6C8:6A6;6I><J:	&T86C>FJ:
"C9JHIG>:H	X	
45",$>B	#,,DC	)6G@	"#$>B	!!$>B	C>CK:HI><6I>DC>CID6C>CI:AA><:CIHNHI:B;DGEG:9>8I>C<7:69<:DB:IGN >C
 &L:A9>C<EGD8:HH	#DJGC6AD;&6I:G>6AH)GD8:HH>C<-:8=CDAD<N		 X	
45 G:N;JH	&
&6GI>C:O	&,6BJ:A>9:H	& 6G9DC	,-=>G>6	%!TG6JAI	+TH:6JM9:C:JGDC:H	BTI=D9DAD<>::I6EEA>86I>DCH	
 GDJE:NGDAA:H",'


45 &('+	 ,TA:8I>DC9:BD9SA:HCDCA>CT6>G:HE6GA:6K:
DC:
DJIIJ9:I=TDG>FJ::I6EEA>86I>DC9:HGTH:6JM9:C:JGDC:H6J
EGD8T9T9:HDJ96<:E6GED>CIH 	I=SH:9D8IDG6I
45':C26=>6	,7>96C93<=6A	 )GDEDH6A&D9:A ;DG,I6BE>C<EEA>86I>DC.H>C<GI>;>8>6A':JG6A':ILDG@H,NHI:B 	
''"")
45 -:A=69?	':C26=>6	 3<=6A	 "CI:<G6I>DC D; BJAI>A6N:G C:JG6A C:ILDG@H ;DG I=: 6JIDB6I>DC 8=D>8: D; L:A9>C<
EGD8:HH	",&Y
45$,JOJ@>	"!DG>76	',J<>::I&'6C@>ZMIG68I>DCD;%:;I/:CIG>8JA6GDCIDJGHGDB%:;I /:CIG>8JAD<G6BH7N&:6CHD;6
':JG6A9<::I:8IDG["-G6CH68I>DCDC&:9>86A"B6<>C<	/DA	'(	&6G8=
45$&696C>	 :IG:B>DAA:H :I ) -6CC=D;  ZIJ9: 9:H )6G6BSIG:H "C;AJ:CIH 96CH A:-G6>I:B:CI 9Y"B6<:H E6G 9:H+TH:6JM
':JGDC6JMKDAJI>;HZ ,-"-&6G8=
45 # 6H6@ :I&6=6I6 ZDCC:8I>DCC>HI&D9:A ;DG DGC:G:I:8I>DC >C>C6GN 6C9 G6N "B6<:HZ "-G6CH68I>DCH DC
C:JGDC6AC:ILDG@H	KD>	CD	,:EI:B7:G
45 &,=>C	 DA9<D;	$0DLN:G:I,'>@>;DGDJZDBE6G6>HDCD;9<::I:8I>DCA<DG>I=BH.H>C<6,IGJ8IJG:;GDB
&DI>DC-6H@["-G6CH68I>DCHDCHNHI:BH	&6C	6C98N7:GC:I>8H,&
)6GI8N7:GC:I>8H	KDA	CD	
45 :CG6>:@	,7>9	%776HH>	:IC6>:8= &TI=D9:C:JGD
HI6I>HI>FJ:EDJG A68A6HH>;>86I>DC9:H >B6<:H 	#-	
,DJHH:'DG9	-JC>H>:
45# 6H6@	'+)6A	,$)6A	 DCC:8I>DC>HIHNHI:B;DGA:6GC>C<6C9G:8D<C>I>DCD;HIGJ8IJG:HEEA>86I>DCID=6C9LG>II:C
8=6G68I:GH	"-G6CH68I>DCHDC':JG6A':ILDG@H	/DA	'D	EE
	
45'DJ>C6	:CG6>:@	,7>96C9C6>:8=	 !6C9LG>II:C8=6G68I:GHG:8D<C>I>DC76H:9DC,$,
EDANA>C: 6C9BJAI>A6N:G
C:JG6AC:ILDG@ 	DBEJI6I>DC6AC<>C::G>C<>C,NHI:BHEEA>86I>DCH	,Y	#JAN
		 %>A:	G6C8:
45+DB:J+96,>AK6	%J>O)6AD76	&6G8>D!,,>FJ:>G6	#D6D&+:7:AAD)6II:GCG:8D<C>I>DCD;L:A99:;:8IH9:I:8I:97N
G69>D<G6E=>8I:HI	'-"CI:GC6I>DC6AX
